METHODS
The subjects were 12 male and 8 female senior medical students. They were re quired to copy one of the two specially prepared passages immediately before, and 1 /2 and 1 hour after drug administration. They rested in a quiet room during the entire ob servation period. The drugs were administered by the double blind technique, in powder form made u to 500 mg with lucose Follo in t used p g w aen s were g g Caffeine citras 300 mg Chlorpromazine hydrochloride 50 mg Glucose (placebo) 500 mg Methamphetamine hydrochloride 5 mg Phenobarbitone sodium 60 mg The drugs were randomly distributed, each subject received 2-3 of these agents at weekly intervals and each preparation was tested in at least 10 volunteers. The doses were choosen so as to produce optimal effects without any gross neurological deficit. The subjects were examined for any signs of neurological deficit, like motor weakness, tremors, incoordination, before taking the samples of handwriting in the post-drug period. For details see methods.
Both the test passages used were of about equal size and contained 10 key words each. The key words contained at least 3 letters with upward extensions e.g. `b' or downward extensions e.g. `y'. Two of the key words are shown in Fig. 1 .
The passages were randomly distributed. The subjects knew nothing about the key words or the mode of analysis of results. The code of the drugs and the placebo was broken only after all the data had been collected. The data were analysed according to the technique of Legge et al. (1) . Briefly, the following parameters were used for analysing each sample of handwriting:
1. The number of words in the first two lines of the sample (N).
2. The average length of the key words (L) .
3. The average breadth of the key words (X). 4. The average downward projection in the key words (D).
5. The average upward projection in the key words (U). 6. The maximum upward projection in any of the key words (Max.U).
Time taken to write the passage (T).
The method of measuring 2-5 is shown in Fig. 1 . All measurements were done with transparent rulers correct to nearest 0.5 mm.
RESULTS
No evidence of neurological deficit was detected in any subject following the admi nistration of these drugs in the doses mentioned above. The data obtained in all the sub jects for a particular compound were pooled together and mean values calculated. The mean values are tabulated in For easier assessment of drug effect, the drug induced changes were obtained as mean % alteration from the pretreatment values at the time of the most marked effect. The values are given in Table 2 . The time at which the maximum effect became evident (i.e. 1 /2 or 1 hour) has not been taken into consideration in construeing this table.
The control values of the various indices in different groups do not differ significantly from each other. The subjects can, therefore, be assumed to be drawn from a homogenous population.
The significance of drug induced alterations was adjudged by a non-parametric test, the Wilcoxon two-sample test (4) . As the normality of the indices used was not known, the test would be more dependable than the usual parametric tests like the `t' test.
DISCUSSION
A perusal of Table 2 will indicate that certain changes have been observed even in the placebo group. The main changes observed in this group are : (a) a reduction in the time taken for writing the passage, (b) a reduction in D and (c) an increase in U but a de crease in maximum U. These effects are probably the result of repeatedly writing the same passage. The cause of changes in opposite direction in U and maximum U is not explainable on the basis of present data.
The two stimulant drugs caused a greater decrease in T, the maximum effect being observed with methamphetamine. Conversely this decrease was blocked by the two de pressants, phenobarbitone being more effective. The reduction of writing time in the placebo group may be due to the subjects remembering part of the passage when writing it the second or the third time. The process is, therefore, facilitated leading to a reduction in time. The opposite effect of the stimulant and the depressant drugs on T reflect their opposite effects on the central nervous system and on mental processes. There are nc reports in literature on the effects of central nervous system stimulant drugs on T. An increase in copying time has been reported in normal individuals with barbiturates (5) and in schizophrenic individuals with chlorpromazine (6). Similar changes have also been reported with other central nervous system depressants like alcohol (7) and nitrous oxide (1) has been reported to produce an increase in the size of handwriting but this was not observed in the present study. The average length of the words (L) is increased by the two stimulants but is unaf fected by the depressants. The stimulant drugs also increase maximum U while blocking the changes in U observed in the placebo group (Table 2) . Depressants fail to produce any change. As is evident from Table 2 several effects have been produced by the drugs under study. The effects with the depressant are, however, less defined than those with the stimulants. Further, they are less marked than what has been reported by other workers (ride supra). This may partially be due to the fact that low doses of the compounds have been used so that there is no overt neurological deficit which is capable of producing changes in the handwriting.
The four main effects observed with both the stimulants are: (i) greater reduction in T than in the placebo group (ii) a statistically insignificant decrease in L (iii) a decrease in U and (iv) an increase in maximum U. The only statistically significant effects are, however, with methamphetamine on i and iv.
The results of the present study indicate that it is not possible to clearly delineate the effects of central nervous system stimulant and depressant drugs on handwriting. The test, thus, does not appear to be sensitive enough for differentiating the various types of drugs acting on the central nervous system and can at best indicate only marked stimula tion or depression of the central nervous system.
Legge et al. (1) have found significant changes in X with nonanaesthetic doses of nitrous oxide and think this to be the most sensitive index of drug action. None of the drugs in the present investigation, however, has shown any significant effect on X.
SUMMARY
Caffeine citras (300 mg), chlorpromazine (50 mg), methamphetamine (5 mg) and phenobarbitone (60 mg) were compared with a placebo (glucose 500 mg) for effects on 7 indices of handwriting in 20 medical students by the double blind technique.
The time taken to copy the passage was shortened by the stimulants and increased by the depressants.
Methamphetamine produced a significant increase in maximum upward projection (Max. U) of a letter. The average length of the words was also increased by the stimu lants. The depressant had no clear-cut effect on the indices selected. The findings have been discussed in the light of reports available in the literature and it is concluded that the test is not sensitive enough to differentiate various classes of centrally acting agents.
